The cercospora leaf spot, caused by Cercospora abelmoschi Ellis and Everhart, is quite common in okra culture. Therefore, this study aimed to evaluate the efficiency of aqueous extracts of neem (Azadirachta indica A. Juss), citronella (Cymbopogon nardus (L.) Rendle), eucalyptus (Eucalyptus grandis L.), ecolife®, A. indica oil and fungicide cercobin 700 PM® in control of cercospora leaf spot on okra in greenhouse. The extracts and neem oil were tested in concentration 10%, the fungicide cercobin 700PM® in dose 2.5 g.l -1 , applied 10 days after pathogen inoculation by leaf spray and the citric biomass extract ecolife® in concentration 5.0 ml.l -1
INTRODUCTION
The okra (Abelmoschus esculentus (L.) Moench) is a vegetable appreciated by all levels of the Brazilian population. The cercospora leaf spot, caused by Cercospora abelmoschi Ellis and Everhart, is quite common in this culture. The presence of this fungus is especially abundant and diverse in tropical and subtropical areas (Braun et al., 2014) . Therefore, on the island of São Luís, MA, Brazil, due to climatic conditions, this disease becomes one of the major for culture.
The vegetable are crops for which there is no registered agrochemicals, or there is a small number of records. As consequence, lack phytosanitary support for legalized chemical control of pests that attack (Cruz, 2013) . Another problem is that even then the use of agrochemicals has increased and the their concentration in food and in our environment has caused negative effects on human health (Andersson et al., 2015) .
The systematic screening of secondary metabolites of populars herbs may result in the discovery of novel and effective antimicrobial compounds (Hussain et al., 2011) . Thus, this study aimed to evaluate the efficiency of aqueous extracts of neem (Azadirachta indica A. Juss), citronella (Cymbopogon nardus (L.) Rendle), eucalyptus (Eucalyptus grandis L.), ecolife®, neem oil and fungicide cercobin 700 PM® in control of cercospora leaf spot on okra in greenhouse.
MATERIAL AND METHODS
Leaves were collected from neem (A. indica), citronella (C. nardus) and eucalyptus (E. grandis) on the campus of the Universidade Estadual do Maranhão (UEMA) for analysis of macronutrients in vegetable residues. Then, they were dried, crushed, sieved, packed in plastic bags and sent to the Plant Mineral Nutrition Laboratory -UEMA for chemical analysis.
The measurements of Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca) and Magnesium (Mg) were performed by nitropercloric digestion (HNO 3 and HClO 4 ) for macronutrient (Tedesco et al., 1995) . The results were obtained in mmol c .dm -3 for nutrients Ca, Mg, K and in g.kg -1 for N and P.
The microbial population of each compound was analyzed according to Nakasone et al. (1999) with modifications, using aqueous extracts at 10% for total bacteria, which were added 100 ml of aqueous extracts of neem (A. indica), citronella (C. nardus) and eucalyptus (E. grandis) in Petri dishes containing Potato-Dextrose-Ágar (PDA) culture medium and spread with Drigalski handle. The total fungi population was obtained using 1.0 g of each residue, spread on PDA culture medium containing antibiotic.
After installation of the experiment, the plates were kept in laboratory conditions, with an approximate temperature of 25 °C and 70% relative humidity. The test pathogenicity was performed in greenhouse, where okra seeds of variety "IAC-147" were sown in plastic vases with a capacity of 3 Kg, containing sterilized soil.
The experimental design was completely randomized with six treatments, corresponding to the isolates collected and seven replications, being the experimental unity, two plants per vase.
The isolates were cultured in Petri dishes containing PDA medium for one week to prepare inoculum. After this time, 20 ml of sterile distilled was added to each plate for scraping the colonies with glass slides. The inoculum was adjusted to 4 x 10 5 conidia.ml
with the aid of Neubauer chamber. The plants were inoculated 20 days after its emergence by pulverization the leaves, then placed in a moist chamber for 24h and kept in greenhouse. The test confirmation was done through observation of symptoms reproduced on okra plants inoculated with isolates.
The most virulent isolate was selected in this test and inoculated on okra plants to check the effectiveness of the treatments. To this end, we carried out a evaluation 20 days after inoculation, assigning grades 1-7, based on the diagrammatic scale Santos and Café-Filho (2005) , with the following modifications: note 1 -healthy plant; note 2 -plants with up to 5% of lesions per leaf; note 3 -plant with 6 to 10% of lesions per leaf; note 4 -plants with 11 to 25% of lesions per leaf; note 5 -plants with 26 to 50% of lesions per leaf; note 6 -plants with 51 to 75% of injuries and note 7 -76 to 90%. Data were subjected to analysis of variance and means compared by Tukey test at 5% probability.
The antifungal activity assay was installed in greenhouse of the Nucleus of Biotechnology Agronomic/NBA in the UEMA.
Initially, okra plants of the variety "IAC-147" were planted in plastic vase with 5 kg capacity, containing autoclaved soil.
The inocullum was obtained from the collection of conidia of foliar lesions, with sterile distilled water and with a brush, and subsequently filtered through double cheesecloth and the concentration adjusted to 4 x 10 5 conidia.ml -1 . Inoculation of selected pathogen in pathogenicity test was performed 20 days after germination, through foliar spray, keeping the plants moist chamber for 24h.
The treatments consisted of dosages of aqueous extracts of neem, citronella and eucalyptus, neem oil, in the concentration 10%, of the fungicide cercobin 700 PM® in the dose 2.5 g.l -1 , applied 10 days after inoculation of the pathogen, by foliar spray and ecolife® extract in the concentration 5.0 ml.l -1 , applied to 10 days before the pathogen inoculation. The control was inoculated with the pathogen and sprayed with distilled water only.
The evaluation of severity was carried out 20 days after treatment application, based on the diagrammatic scale Santos and Café-Filho (2005), described above.
The experimental design was completely randomized with seven treatments and five replicates and each experimental unit consisted of a vase containing two plants. The data were subjected to analysis of variance by Assistat program (Silva and Azevedo, 2002) and means compared by Tukey test at 5% probability.
To calculate the percentage of control efficiency of the treatments, we used the Abbott's formula (Abbott, 1925) : E = C -T × 100/C, were: E: Percentage of control efficiency C: disease severity in control T: disease severity in treatment
RESULTS AND DISCUSSION
The nutrients found in greater quantity in the residues were N ( Figure 1a ) and K (Figure 1b) . Highest levels of these nutrients were found in neem residue (N=32.9 g.Kg -1 , K=97.4 mmol c. dm -3 ), followed by citronella (N=16.1 g.kg -1 ; K=54.7 mmol c .dm
) and eucalyptus (N=14 g.kg -1 ; K=4.5 mmol c .dm -3 ) ( Figures  1a and 1b) . (Figures 1c, 1d and 1e ), respectively.
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Fig 1.
Content of macronutrients in the neem, citronella and eucalyptus residues. 1a. potassium; 1b. nitrogen; 1c. phosphorus; 1d. magnesium and 1e. calcium.
The nutrition of okra is characterized by an extraction of macro and micronutrients slow until 20 days, thereafter been coming to increase (Cavalcante et al., 2010) . In our work, the aqueous extracts of neem, citronella, eucalyptus and neem oil application by foliar spraying in plant okra to the 30 days of age, may have contributed to a better development of culture and also for increasing their resistance. This increase may occur by changes in the anatomy, such the presence of thick cuticle and plasma membrane, lignin and other substances available in different parts of the plants or by a reaction of external or internal stimulus, generally characterized by hypersensitivity reaction (HR), or survival of the plant to pathogen attack after being properly identified or recognized infection (Fancelli, 2008) .
In the analysis of the microbial population, the neem residue exhibited a larger number of bacterial colonies, followed by citronella and eucalyptus ( The presence of bacteria in the extracts may trigger a series of reactions that can directly influence the presence of pathogens in the host and activate the plant defense mechanisms (Oliveira et al., 2003) . Studies have shown that use of this antagonistic contribute greatly to the control of plant pathogens, including the fungi species control that cause cercospora leaf spot, such as C. sojina (Tonelli and Fabra, 2014) and C. carthami (Govindappa et al., 2014) .
In evaluation total fungi, the species that occurred more frequently were Mucor sp., Aspergillus niger, Rhizopus stolonifer and A. ochraceus (Figure 2) , whereas the Mucor sp. presented the greatest number of colonies (Figure 2 ). In the neem residue was detected the larger number of fungal colonies, followed citronella and eucalyptus, and only in this latter it was verified the presence of A. ochraceus (Figure 2) .
Fig 2.
Number fungal colonies detected in neem, citronella e eucalyptus residues.
All these genera have been reported for other microorganisms controlling on biocontrol tests (Bettiol et al., 2012; kusumaningtyas et al., 2006; Ziedan et al., 2013) . Moreover, there are many products already market based on fungi for the biological control of pathogens in plants, whose effectiveness is proven (Bettiol et al., 2012) .
In the pathogenicity test, we can observe the symptoms of the disease on inoculated okra plants, confirming the test. Among the six isolates tested in variety of okra "IAC-147," the isolate IV appeared more virulent (Figure 3 ). With this, the effect of the treatments was tested against this isolated. The use of natural products as an alternative for disease control is an attractive tool and desired by the population. There is at least some evidence that natural products such as essential oil and plants extracts may cause less deleterious effects than corresponding synthetic drugs (Tabassum and Vidyasagar, 2013) .
Indeed, in this work, the presence of nutrients and microorganisms in the residues become its most effective for the control of cercospora leaf spot. The results of the analysis indicate the potential of organic residue on fertility of the plants and in biological control. Aiming to minimize the negative effects of pesticides has been development a alternative form of control of plant disease, which includes the biological control, the induction of resistance and the use of natural products with induction of resistance and/or with direct antimicrobial activities (Stangarlin et al., 2011) .
We recommend the use of natural products tested, for which satisfactory results were obtained. This study, like several others, has shown that the use of natural products is an alternative that can replace the use of pesticides, as it allows an effective control of diseases, without harming the ecosystem.
